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Abstract 17 
Objectives: To obtain benefits from sports injury prevention programs, players are instructed to 18 
perform the exercises as prescribed.  We developed an observational checklist to measure the quality 19 
of exercise performance by players participating in FootyFirst, a coach-led, exercise-based, lower-20 
limb injury prevention program in community Australian football (AF). 21 
Design: Observational  22 
Method: The essential performance criteria for each FootyFirst exercise were described in terms of 23 
the technique, volume and intensity required to perform each exercise. An observational checklist was 24 
developed to evaluate each criterion through direct visual observation of players at training. The 25 
checklist was trialled by two independent raters who observed the same 70 players completing the 26 
exercises at eight clubs. Agreement between observers was assessed by Kappa-statistics. Exercise 27 
fidelity was defined as the proportion of observed players who performed all aspects of their exercises 28 
correctly. 29 
Results: The raters agreed on 61/70 observations (87%) (Kappa=0.72, 95% CI:0.55;0.89). Of the 30 
observations with agreed ratings, 41 (67%) players were judged as performing the exercises as 31 
prescribed. 32 
Conclusions: The observational checklist demonstrated high inter-rater reliability. Many players 33 
observed did not perform the exercises as prescribed, raising concern as to whether they would be 34 
receiving anticipated program benefits. Where quality of exercise performance is important, 35 
evaluation and reporting of program fidelity should include direct observations of participants.  36 
Keywords: Sport; Injury Prevention; Athletic Injury; Exercise Therapy; Football.  37 
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Introduction 39 
Exercise-based programs to prevent injuries in team sport have gained considerable interest in the last 40 
decade.1-3 However, these programs can only be effective if they are delivered, and players complete 41 
them, as they were originally intended.4 In implementation science, this is referred to as balancing 42 
fidelity with adaptation; fidelity is the extent to which a program is followed as prescribed, and 43 
adaptation is the extent to which a program is changed after implementation in a real-world setting.5,6 44 
Evaluation of fidelity provides insight into why a program succeeded and which components were of 45 
value, or why it might have failed to change outcomes.7,8 Importantly, this evaluation also helps 46 
prevent incorrect conclusions being drawn about the effect (positive or negative) of a program on a 47 
given outcome. 48 
Sports injury prevention programs (SIPPs) need to consider both exercise fidelity and program 49 
fidelity. To obtain SIPP benefits, players are instructed to perform the exercises as prescribed, i.e. 50 
with exercise fidelity. However, the extent to which exercise fidelity can be achieved is dependent on 51 
a range of moderating factors for how the program is delivered, received and executed, i.e. program 52 
fidelity (figure 1).7,9 In many exercise-based SIPPs, a detailed description of the exercise intervention, 53 
often provided through training manuals, has been considered sufficient to enable coaches/trainers to 54 
understand and subsequently deliver the intervention appropriately. Training manuals are generally 55 
accompanied by education sessions.10-12 It is assumed that with these resources, coaches/trainers can 56 
deliver the exercises correctly and players can understand and execute the exercises accurately. These 57 
exercise fidelity assumptions have rarely been evaluated or reported. 58 
When reported, evaluation of program fidelity has generally been limited to self-reported measures of 59 
frequency of exercise performance.7,13 These measures involve a researcher surveying participants 60 
with a question such as ‘was the exercise program performed and, if so, how often?’. For example, in 61 
a study of compliance with a training program in youth soccer, the coaches kept a record of whether: 62 
[a] the team performed the warm-up program as part of their training session; and [b] individual 63 
players participated in this team warm-up.14 Assessing participation through self-reported measures 64 
can give rise to two forms of bias: (a) recall bias, if asking players/coaches to report events over an 65 
extended prior period, e.g. month or season; or (b) social desirability, whereby respondents may 66 
provide more favourable answers to satisfy the perceived researcher interest.15 To counter this, some 67 
studies have engaged data collectors to independently record whether coaches deliver12 or players 68 
participate16 in a program fully, partially or not at all. While this improves monitoring of the extent of 69 
participation, the data still gives no insight into how well the players perform the exercises, i.e. 70 
exercise fidelity. To our knowledge, there has been no published direct observational assessment of 71 
exercise fidelity prescribed as part of any exercise-based SIPP and, as such, there are no observational 72 
audit tools published for this purpose. 73 
The National Guidance for Australian football Partnerships and Safety (NoGAPS) project aims to 74 
understand how sports injury research and prevention efforts can be better translated into community 75 
sport settings.17 A major component of this project involves the development, implementation and 76 
evaluation of an evidence-informed SIPP, “FootyFirst,” to prevent lower limb injuries in community 77 
Australian Football (AF). To aid the evaluation of overall program fidelity for FootyFirst, a checklist 78 
was required, and subsequently trialled, to objectively assess player exercise fidelity. The aim of this 79 
paper is to report the development, trial and testing of the inter-rater reliability of this observational 80 
fidelity assessment tool. Specifically, a checklist was designed to assess the degree to which observed 81 
players performed each exercise component within FootyFirst compared to how it was originally 82 
prescribed. 83 
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Methods 84 
FootyFirst is an evidence-based and context-informed lower-limb SIPP that has been developed 85 
specifically for community AF. The FootyFirst exercises were developed by the research team and 86 
refined by content and context experts, and AF-industry partners. In short, FootyFirst begins with a 87 
general, 10-minute warm-up program of 12 exercises, including run-throughs and dynamic stretches. 88 
This is followed by lower-limb strength and conditioning exercises/drills to enhance balance, landing 89 
and side-stepping techniques (e.g., hamstring lowers, planks and side-stepping evasion skills). Each 90 
exercise has five levels of progression, with players encouraged to start at level 1 and progress to 91 
subsequent levels as their strength, muscular endurance, balance and flexibility improve. FootyFirst 92 
was designed to take 20 minutes and to be a replacement for, or accompaniment to, existing warm-ups 93 
used in twice-weekly, training sessions. The program is presented in a manual, posters and videos, 94 
(available from the authors on request). Performing all FootyFirst exercises with correct technique, 95 
volume and intensity is considered essential to ensure the full program benefits are gained.  96 
Using the FootyFirst program manual and videos as references, each individual exercise was 97 
described according to essential performance criteria under exercise prescription categories of 98 
technique, volume, and intensity, as described in American College of Sports Medicine guidelines.18 99 
For example, in the hamstring lower exercise, the essential criteria were: technique -lean forward 100 
from knees, keep body as straight as possible; intensity - slowly lean forward, because the player is 101 
trying to resist gravity by using the hamstrings in an eccentric contraction; and volume - initially 6 102 
repetitions and increases through the levels to 2 sets of 12 repetitions.  103 
The descriptive criteria for each exercise were reviewed by the research team members who had 104 
developed the original FootyFirst content (****). An iterative process continued until consensus was 105 
achieved on the descriptions of the essential performance criteria for each exercise. The most frequent 106 
points raised during this process were centred on making sure all details on correct performance were 107 
explicit. For example, the second criteria of the hands to ground exercise in the warm-up started as 108 
‘reaches the ground at least four times’ and was refined to ‘both hands touch the ground in front of the 109 
player at least four times’ to include specific details relating to technique and volume. 110 
Consensus on the full list of exercise criteria was reached after five drafting rounds. The number of 111 
criteria for each exercise ranged from three to five (with the exception of the warm up ‘jog,’ which 112 
was covered by the overarching instruction that all warm-up running based activities were to be 113 
carried out at ‘jogging pace’). Assessment of the criteria was then operationalised to an observational 114 
checklist that required a yes/no answer be given for each criteria of each exercise. 115 
The checklist, or FootyFirst Observational Tool (FOT), was prepared in a paper-based format for 116 
observing on-field training sessions. Clear instructions in using the form and performance of the 117 
exercises were included as prompts on the cover page and alongside each exercise. This was to allow 118 
use by any person with an exercise physiology and/or strength and conditioning background. The 119 
observer name, date, club and player identifier (e.g., red shoes) were recorded on cover page to allow 120 
observations from multiple users to be matched. The FOT was pre-tested, observing a small number 121 
of FootyFirst participants before the observation period began. The final version of the FOT is 122 
provided as supplementary material. 123 
The Monash University Human Research Ethics Committee approved this observational study that 124 
was nested in the NoGAPS project. Players from community AF clubs from two regional leagues in 125 
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Victoria, Australia, were observed. The coaches of teams were informed of the study and provided 126 
their written consent for their team’s involvement. 127 
Using the FOT, two accredited exercise physiologists observed and rated the exercise performance of 128 
players. Both raters were familiar with the FootyFirst program and had contributed to the 129 
development of the FOT. On eight separate occasions, both raters attended the same training session. 130 
There was minimal interaction between the raters and the team, other than a short communication 131 
with the coach to inform of their presence. No specific reason for why they were observing the 132 
training session was given, other than a general observation of FootyFirst implementation. 133 
One rater nominated a player for observation by indicating an easily identifiable feature such as the 134 
colour of their shirt. This information was recorded on the FOT. Both raters then independently 135 
recorded their observations of how that player performed their next exercise. If any essential 136 
performance criteria were not performed as described, a ‘no’ was recorded and a reason noted against 137 
the specific criteria, where applicable. The two raters were situated side-by-side, observing a player 138 
from the same angle at a position on the field that enabled a clear view of the player. They did not 139 
discuss their observations of players. Approximately ten players, each performing one exercise, were 140 
observed at each session, taking approximately 15 minutes per session. Agreement on observations 141 
between raters was compared with Cohen’s Kappa statistic (Κ) with 95% confidence interval (95% 142 
CI). Predetermined sample size was calculated as 58 observations. Analyses were performed using 143 
IBM SPSS Statistics, version 21.  144 
Exercise fidelity was assessed as being ‘correctly’ or ‘incorrectly’ performed by a player. If an 145 
observer scored a player with yes on all criteria, the exercise was considered correctly performed. 146 
Recording of ‘no’ on any criteria indicated incorrect performance of the exercise. The ‘no’ rating for 147 
exercise fidelity was irrespective of how many criteria were determined as incorrect or if the raters 148 
identified differing criteria within the exercise as incorrect. Where rater observations differed, there 149 
was no way to determine which of the two was correct. Therefore, assessment of exercise fidelity was 150 
based only on agreed observations. Descriptive data of agreed observations for the different exercises 151 
are presented. 152 
Results 153 
The FOT was trialled at eight clubs across 70 individual player observations. Of the 70 observations, 154 
the raters agreed on their yes/no answer 61 times (87%) (Kappa = 0.72, 95% CI: 0.55 ; 0.89, p < 155 
0.001) indicating “substantial agreement.”19 They disagreed on 9 observations. 156 
Most players were observed to only be performing exercises from the warm-up component of 157 
FootyFirst, not the progressive levels 1−5 of the program. Restricting analysis to observations from 158 
the warm-up, the raters agreed on 54 observations out of 60 (90%).   159 
Of the 61 players for whom both raters agreed on their observations, both raters scored all essential 160 
criteria as ‘yes’ for 41 observations (67%), indicating that these players performed the observed 161 
exercise correctly. Both raters scored at least one essential criteria contributing to an exercise as ‘no’ 162 
in 20 exercises (33%), indicating the exercise was performed incorrectly by these players. 163 
Discussion 164 
This paper describes the development and reliability of a new observational tool, the FOT, to aid the 165 
assessment of exercise fidelity in association with exercise-based lower limb SIPPs. Performing each 166 
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SIPP exercise as prescribed, that is, with high exercise fidelity, is considered essential to ensure the 167 
injury prevention benefits are gained. Yet, despite the inherent performance requirements and a 168 
growing interest in SIPPs, no process to consistently assess the quality of performance after 169 
implementation has been described in the literature.  170 
Major strengths in developing the FOT, are the simple development stages that resulted in a tool with 171 
substantial inter-rater agreement. However, it should be noted that both raters had backgrounds in 172 
exercise physiology and were familiar with the program. This could mean they were more likely to 173 
agree on their subjective observations than other raters. The primary use of the FOT is for 174 
implementation evaluation by a research team. It is anticipated that any rater with a background in 175 
exercise physiology or strength and conditioning would be reasonably familiar with the exercises and 176 
therefore, also able to use the FOT.  177 
Anecdotal feedback from the raters supported usability at a typical community AF training session. 178 
The tick-box format was well matched to the exercises, and was quick and simple to complete. The 179 
FOT could confidently be applied to other settings, providing there are observable criteria for correct 180 
exercise performance. Although the checklist was developed retrospectively, by involving the original 181 
expert program developers face and content validity of the FOT were ensured. Ideally, the essential 182 
performance criteria for each exercise would be documented in the required format at the same time 183 
as an intervention is first developed. 184 
The criteria of volume, technique and intensity were chosen based on general exercise prescription 185 
guidelines. In the FootyFirst program, the ‘intensity’ criteria were primarily focused on speed of 186 
exercise performance, such as hamstring lowers, which are to be performed ‘slowly.’ The term 187 
‘intensity’ was preferred over ‘speed’ to enable the transfer of the design of the FOT to other SIPPs. 188 
Intensity can be operationalised as speed in running, or the amount of force or resistance in resistance 189 
training. In regard to running and jumping, speed is important as Newton’s 2nd law of motion states 190 
that force=mass x acceleration or re-arranged, acceleration = force/mass. This means that the more 191 
force a muscle produces, the more the acceleration and speed of movement, and greater the force of 192 
contraction or intensity. However, in eccentric resistance training, faster greater muscular force can be 193 
generated for a given level of activation and exertion. So intensity was assessed differently depending 194 
on the task being performed. Although the assessment of intensity in our program was somewhat 195 
subjective, it is important, as performing dynamic stretches too rapidly may reduce or remove the 196 
benefit of targeted muscle contraction and even place a player at risk of injury while performing the 197 
exercise.18  198 
A strength of this study was the large number of observations performed across different clubs and 199 
training sessions. Despite this, most observations were performed only on the warm-up level of 200 
FootyFirst. One explanation for this is that the FootyFirst warm-up is similar to traditional AF training 201 
warm-ups. Therefore, it may be more easily adopted into regular practice. This familiarity with the 202 
warm-up exercises may have inadvertently resulted in a higher inter-rater reliability than would 203 
otherwise be seen across the progressive program levels. It is possible that the more advanced 204 
strength, conditioning and neuromuscular type exercises, being less familiar to coaches and players, 205 
were considered more difficult to adopt and implement. This is in line with the ‘compatibility’ 206 
construct of the Diffusion of Innovations theory that suggests an innovation is more likely to be 207 
adopted if it is consistent with the existing values, past experiences and needs of potential adopters.20 208 
This means that for the less familiar exercises, coaches and players will become more accustomed to 209 
instructing and performing these over time. This could also mean that the observers may be better at 210 
detecting the fidelity elements of the currently less familiar exercises, but this needs to be tested in the 211 
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future. Furthermore, future research could consider whether the FOT can be extended to use as a tool 212 
for assessing change in exercise fidelity.   213 
FootyFirst was designed as an exercise training program to be delivered by coaches to teams of 214 
players during twice-weekly training sessions. The actual coach delivery of the program was not 215 
assessed, nor were players asked if they thought they were performing the exercises correctly. 216 
However, it is assumed that most coaches and players would self-report that the program was 217 
delivered and performed as intended. Previous studies in sport and physical activity behaviours have 218 
also found differences between self-reported outcomes compared to observed behaviours including 219 
overestimating protective equipment use21 and both over- and under-estimating physical activity 220 
levels.22 Direct observations have been advocated as a way to measure behaviour in relation to 221 
intervention delivery in different injury contexts.23-25 Within sport and recreational injury research to 222 
date, direct observational audits are rare, having been used only to record safety behaviours in golf,26 223 
squash,21 AF27 and on the beach.15  224 
From this first application of the FOT, it is clear that exercise fidelity is an important area to include 225 
in SIPP research. The raters agreed that one third of players were not performing the FootyFirst 226 
exercises exactly as prescribed. The written details of the warm-up observations described in Table 1, 227 
show that only three of the twelve exercises were performed correctly on all components (jog; leg 228 
swings forward; leg swings across body). The raters disagreed on all five assessments of the ‘calf 229 
stretch with straight leg’ exercise. The remaining eight exercises had a mix of agreed observations. 230 
Comments from the raters reported that volume was the most frequent cause of incorrect performance 231 
and that players tended to perform an incorrect number of repetitions (too many or too few). This was 232 
despite the leniency in volume that was built into the FootyFirst instructions (“as long as the player is 233 
not overly fatigued, one or two repetitions over amount designated is okay”). The pre-program 234 
demonstrations and resources of FootyFirst are aimed at the coaches who deliver the program. In 235 
these, correct technique is strongly emphasised with the expectation that this component would be 236 
most difficult to translate. Our results found that the exercises were mostly performed with correct 237 
technique so perhaps the FootyFirst demonstrations/resources need to place equal emphasis on 238 
performance of all essential criteria. An additional simple checklist could be provided to coaches to 239 
take onto the field to remind them of the correct number of exercise repetitions. Although there was 240 
no attempt to link exercise fidelity with injury outcomes in this study, our finding that exercise fidelity 241 
is not achieved by all players, suggests this is an important and interesting area to explore. For 242 
example, what degree of exercise fidelity will still result in a safe and effective program for injury 243 
prevention? 244 
A limitation of this study was that coaches knew the raters were observing the training session. 245 
Although no reason for conducting the observations was given, it is possible that coaches specifically 246 
instructed players to perform the exercises to a higher standard because the raters were present. 247 
Similarly, players may have performed the exercises more conscientiously than usual because they 248 
knew they were being observed. If so, our finding that one third of exercises were performed 249 
incorrectly is an underestimate and fewer players might be expected to perform the exercises with 250 
fidelity in normal, unobserved practice. 251 
Conclusion  252 
Use of an observational checklist to assess exercise fidelity can give useful insight when evaluating 253 
program implementation. Where exercise technique, volume and intensity are important, evaluation of 254 
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SIPPs should consider using an observational assessment in place of self-report measures of 255 
compliance.  256 
Practical Implications  257 
 The exercises included in injury prevention programs can be described according to essential 258 
performance criteria of technique, intensity and volume. 259 
 An observational checklist with high inter-rater reliability can be used to determine if 260 
essential criteria of an exercise are performed correctly by players. 261 
 When participating in exercised-based sports injury prevention programs, many players do 262 
not perform the exercises as they are prescribed, which could negatively impact on injury 263 
prevention benefits. 264 
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Table 1: Description, observations and exercise fidelity agreement for the observed FootyFirst warm-up 349 
exercises 350 
Exercise Essential performance criteria of the exercise Observations* Number 
agreed^ 
Number 
agreed yes# 
GROUP WARM-UP EXERCISESπ    
1. jog 1) One rep completed 6 6 6 
2. side to side 1) Adequate step length to receive stretch 
2) One rep through facing in each direction 
7 7 6 
3. carioca 1) Length of stride 
2) Knee in high position in front of body 
3) One rep through facing in each direction 
5 5 3 
4. running backwards  
with high feet 
1) Raises high to buttocks before planting on ground 
2) One rep through 
4 4 2 
5. butt kicks 1) Thighs are vertical 
2) In 2nd rep there is a clear attempt to make contact between 
heels and buttocks 
3) Two reps through 
9 8 5 
6. hands to ground 1) Does not twist whilst bending over 
2) Both hands touch the ground at least four times 
3) One rep through 
4 2 1 
DYNAMIC STRETCHES     
7. calf stretch  
(straight leg) 
1) Leg straightened as far as possible in an attempt to touch 
the ground 
2) Performed slowly 
3) At least five reps per leg 
5 3 0 
8. calf stretch  
(bent knee) 
1) Knee is always bent when heel is pushed down as far as 
possible in an attempt to touch the ground 
2) Exercise performed slowly  
3) At least five reps per leg 
5 4 1 
9. hip rotation 1) Knee is lifted bent in front of the body 
2) Slow and big circle outward 
3) At least four reps per leg 
3 3 2 
10. leg swings forward 1) Uses kicking action 
2) Keeps leg straight as possible 
3) Swing controlled and challenging height for stretch reached 
4) At least six reps per leg 
7 7 7 
11. leg swings across 
body 
1) Swings leg across body 
2) Swing controlled and challenging height for stretch reached 
3) At least six reps per leg 
3 3 3 
12. walking lunges 1) Trunk is vertical 
2) Heel of front foot stays on the ground 
3) Knee finishes over the toes and the back knee is just off the 
ground 
4) At least eight lunges in total 
2 2 1 
All observations  60 54 37 
Agreement between raters   90%  
Warm up exercise fidelity    69% 
*number of players observed performing exercise; ^ both raters agreed all criteria met or at least one criterion not met; # both raters 351 
agreed all criteria met; π all group warm-up exercises were “to be carried out at ‘jogging pace,’” this intensity was not included in 352 
observations. 353 
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Figure 1: Observations of exercise fidelity within the framework of evaluating FootyFirst program fidelity  354 
(based on the original implementation fidelity framework of Carroll7) 355 
 356 
  357 
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Appendix 1: FootyFirst Observational Tool (pdf) 358 
 359 
